1.
"Solventless Polyamic Acid: Consequences for Reactivity with Metals," T. Strunskus Polyimide films are important in electronic packaging and composite materials. Reliable adhesion is crucial in these applications. The purpose of this project is to determine the chemical factors which result in good adhesion between polyimide films and other materials and to determine how processing conditions influence the topography, crystallinity. and homogeneity of the thin polyimide films. The polyimide films are prepared by Langmuir-Blodgett techniques, spin-coating, and by vapor deposition of the constituent dianhydride and diamine molecules followed by in situ curing. The substrates of interest include metals. semiconductors, and ceramics. The films are characterized using atomic force microscopy, scanning tunneling microscopy, x-ray photoelectron microscopy, high resolution electron energyloss spectroscopy, Fourier transform infra red spectroscopy, Raman spectroscopy, and near edge x-ray absorption spectroscopy.
e. Significant Results

1.
Fabrication and Processing of Polyimide Thin Films a. One-to-five monolayer thick polyimide films have been fabricated by LangmuirBlodgett techniques on gold and silver substrates and shown to have a higher degree of ordering but lower thermal stability than vapor deposited films. b. Vapor deposition was used to fabricate ultra-thin films from PMDA and mphenylene diamine (mPDA). This polyimide was found to have a high degree of imperfections associated with the nitrogen linkage. HREELS and XPS studies of the adsorption of the individual precursor molecules of this polyimide with the Ni(1 10) surface showed that chemical adhesion can occur only through terminal groups on the PMDA. c. Co-deposition of PMDA and ODA onto Pt(l 11) at low temperature followed by
heating was used to demonstrate that the interaction with the surface near room temperature Is primarily through polyamic acid rather than PMDA or ODA. d. Thermally unstable imine bonds were shown to cause degradation of the polyimide. Imine bonds can be formed by branching of the molecular backbone or by reaction of the polymer with excess monomers. Excess PMDA during solventless growth of PMDA-ODA films minimizes imine bond formation. e. Both Langmuir-Blodgett and vapor deposited films with thickness greater than three layers have the polymer chains oriented parallel to the substrate surface as shown by near edge absorption fine structure measurements carried out at BESSY in Berlin. On Ag. the interfacial structure differs from that of the thicker films but is not yet understood in detail.
f. Polyimide films can be grown on high temperature superconductors if the imidization Is carried out in oxygen to prevent release of atomic oxygen from the heated superconductor substrate. g. The feasibility of studying diffusion of molecules through the polyimide using surface acoustic wave (SAW) devices with polyimide thin films on them has been demonstrated. h. Langmuir-Blodgett deposited polyimide films were used to determine the electron attenuation length of 1150 eV electrons in polyimide to be 42 A. This large value indicates a low packing density for these polyimide films. 2.
Modification of Polyimide Surfaces a. The first studies of polymer surfaces in air and under water with an atomic force microscope were carried out. The best resolution is about 10-20 nm in agreement with classical elasticity theory. A surprising variety of modifications is possible on these materials including: (I) scri)ed grooves with widths between 20 and 80 nm. (i) raised areas with heights up to 5 nm above the original surface; and (iii) pits with depths of at least 20 nm.
3.
Properties of the Polyimide-on-Metal Interface a. The Langmuir-Blodgett technique was used to fabricate 0-25 monolayer thick polyimide films on Au and oxidized Ag and Si substrates. In the case of Si and Ag a carboxylate-like bonding is proposed between the first layer and the substrate. The interaction on Au is not yet understood but closure of the imide ring is prevented. Subsequent layers on Ag and Au are fully imidized whereas, on Si. the first three layers are influenced by the substrate and the degree of Si oxidation is increased. b. Adsorption of a variety of polyinide precursor molecules on Ni(1 10) and Cu(1 10) surfaces was studied. The phenylenediamine molecule was shown to bond through one of its nitrogen atoms with the aromatic ring is nearly parallel to the surface. PMDA molecules bond to Ni(1 10) surfaces through a carboxylate-like bond and the molecules stand vertical to the surface. c. Measurements on thin films of pure PMDA and ODA deposited onto a Pt (1 11) surface have revealed the presence of an amorphous-to-crystalline phase transition. Films deposited at low temperature are annealed to higher temperatures. The possibility of epitaxial growth of the crystalline phase on annealed films has been studied.
4.
Properties of the Metal-on-Polyimide Interface a. A new model was developed to explain the nature of the interaction between Cu and polyimide. Cu atoms or clusters in the vicinity of carbonyl groups cause a strong electromagnetic depolarization of the dynamic dipole moment of the carbonyl. XPS and FTIR measurements of polyimide films exposed to copper are consistent with this model as well as an alternative model in which the rupture of bonds in the imide rings is catalyzed by the copper atoms. b. The interaction of titanium with PMDA-ODA polyimide was shown to be significantly stronger than previously reported. TI attacks polyinide at both carbonyl sites and nitrogen sites forming an interfacial layer of mixed carbides, nitrides and oxides. c. Changing the electron withdrawing power of the dianhydride part of the polyimide molecule was shown by XPS to have only a small effect on its interaction with Cu.
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